Abstract: Protection of valuable water dependent ecosystems in urban areas.Water dependent ecosystems are habitats most vulnerable to urbanization pressure. There are not many such habitats in Warsaw. Those which remained are mostly dewatered sites existing within green areas such as parks. Habitats with peat and moorsh soils have a unique value, thus there is a rational need for detailed research and evaluation to preserve them. This paper is a case-study of two different water dependent ecosystems, localized within the boundaries of Poland's capital city, both remaining under strong urbanization pressure. Different actions were undertaken to preserve those habitats, with differing results. We examined tendencies of vegetation during recent 20-30 years, basing on fl oristical data. In the areas, where water regime has been disrupted, like Natural Landscape Complex "Olszyna" a signifi cant decline of plants rare in the scale of Warsaw is being noticed. Habitats not disturbed by human interference like "Zakole Wawerskie" do not suffer signifi cant changes, even an increase of rare plants was marked. Presence of water dependent ecosystems is also correlated with population density. In the areas of highest population density these habitats occur seldom, are of a small size and have simplifi ed border zones. The only areas within Warsaw borders where water dependent ecosystems maintained are the urban parks. In the last decades a progressive decline of wetlands is being noticed, which was also confi rmed in this study. The only real chance for further preservation of this areas is to create biodiversity hotspots and good recreation infrastructure.
INTRODUCTION
Over half of world's population lives in urban areas, in Poland this problem concerns over 61% of people (Statistical Yearbook of Poland 2010) and this number keeps rising. Thus urban landscapes have a signifi cant effect on most humans' life quality. A typical feature of city landscapes is presence of artifi cial constructions with increased number of impermeable surfaces, high population density, presence of non-native plant and animal species but also disturbed circulation of energy and matter. (McDonnell, Pickett 1997; Sukopp 1998; McKinney 2002) . Areas of cities are generally more destroyed then rural areas (Ehrenfeld 2000; Baldwin 2004) . Progressing urbanization, especially in big cities affects structure and functioning of natural ecosystems (Grime et al. 2000) . The effect of urban-industrial surrounding on the type and rate of such disturbances is poorly understood mainly because of only a few objects studied (Symonides and Solińska-Górnicka 1990) . Transformation of vegetation is best visible in hydrogenic soils whose physical properties are affected by the regulation of water relations. Proceeding drainage caused by both natural factors and human impact leads to the transformation of plant communities (Kloss 2001). Substitute plant communities are being formed as a result of intensive drainage.
This study was undertaken to assess changes of vegetation in two different water dependant habitats localized in Warsaw. We examined occurrence of plant species which are protected or partially protected according to Polish law, and other valuable species, which are characteristic for rare plant communities.
STUDY AREA
Two similar wetlands were selected in Warsaw, both suffering from strong urbanization, remaining under protection as Natural Landscape Complexes (Fig.  1) . Natural Landscape Complex "Olszyna" is located in the north-western part of Warsaw. It consists of 2.23 ha and is mostly covered by alder woodland. In the research area an unconfi ned water table is situated under peat layer (Pajnowska et al. 1996) . Alder-ash riparian communities, locally dried out into low dry ground forests, have been preserved there. Development of road infrastructure and building of an artery in its closest neighborhood resulted in the decline of ground water table and in limited infi ltration of rainfall waters. In the 1970's actions were undertaken to protect "Olszyna" through building reservoirs and open ditches which keep the water level elevated. This however didn't allow spring fl ooding which occurred in this area before. Despite protective measures, marked changes in plant communities took place.
Natural Landscape Complex "Zakole Wawerskie" is localized in Eastern Warsaw and consists of 55 ha. It is covered by a mosaic of wet meadows and riparian forests. Similarly to "Olszyna" a main artery was built in its neighborhood, but water relations for now remain unchanged.
MATERIAL AND METHODS
In this study total area of water dependent ecosystems in Warsaw was calculated. This includes landscapes of river valleys, swamp plains, peatlands and lakes, landscapes of river deltas. To asses distribution of this type of ecosystems we used soil map (Anonymous 2002) and elaboration by Pawlak and Kaliszuk (2006) for assessment of green areas in Warsaw. Population rates and areas of districts were used according to Central Statistical Offi ce of Poland (GUS 2008). To asses level of habitat fragmentation we calculated landscape metrics (McGarigal and Marks 1994, Roo-Zielińska et al. 2007 ) using Geographical Information Systems software -ArcGIS and Patch Analyst plugin. We calculated: number of patches of water dependent ecosystems, their total and mean area, length of edges, density of edges. Signifi cance of correlation coeffi cient between population number and habitat fragmentation was then calculated using STATISTICA 8 software.
In both study areas representative plots were selected where fl oristical data was collected. In "Olszyna" plant species were fi rstly listed in the 1973 by Wysocki, short after the building of a main route in the adjacent area, when also artifi cial system of ditches and pumps was created to keep the water table elevated (Pajnowska et al. 1996) . Second recording of plants was performed in 2008, over 20 years after the investment. In case of "Zakole Wawerskie" a detailed survey concerning plant species was held fi rstly in 1991, then in 2008 we searched again for the rare species listed earlier. In both cases inventory was held both in spring and summer. We recorded valuable plant species, which are either protected or partially protected by Polish law or are characteristic plants of rare plant communities. Rare species included in this study were selected using 3 criteria (Gauthier et al. 2010 ) -representativeness of the region (Warsaw city), rareness within the selected region, habitat fragility. The fi rst 2 criteria were assessed on the basis of species distribution maps (Sudnik-Wójcikowska 1987a , 1987b , fragility was assessed using indicator values for moisture and resistance to drought (Ellenberg et al. 1991) .
RESULTS
Water dependent ecosystems decrease their area proportionally to urbanization pressure. In central administrative units, where population density is the highest, we observed the smallest area of investigated habitats, smallest number of patches, but also, smallest length of border zones, which are of a great importance to many animals and plant species (Tabs 1 and 2). Overlying maps of localization of water dependent habitats and maps of green areas, managed by city authorities, indicates that in the centre of the city the only locations, where wetlands were preserved, are the urban parks (Fig. 2) .
Floristical analysis of objects, where big road infrastructure was built in the neighborhood, reveals differing results of the investments on this ecosystems. In case of "Zakole Wawerskie" where little disturbance of water relations occurred, rare plant species did not extinct. On the other hand in "Olszyna" where groundwater level decreased signifi cantly and system of irrigation ditches was created, number of rare species surprisingly increased, which means they must have appeared between 1973 and 2007 (Tab. 3) . This is because former habitats of "Olszyna" had already been poor in rare species before investment, those which have recently appeared are connected with mesophilous forests, their presence is more connected with lack of spring fl ooding and lower soil moisture content. 
DISCUSSION
Urbanization pressure connected with cities expansion leads to degradation of small rivers and wetlands. The process of water dependent habitats disappearance depends on many factors. Population density per area unit seems to be a good indicator of this phenomena. It is worth underlining that green areas within the city, play a key role for wetland preservation. As a result of another investments taking place, often necessary for proper functioning of the city, many Iris sibirica
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Hedera helix · · · x decisions are being made which directly or indirectly cause valuable habitats loss. In Warsaw not many works have been made whose purpose was to protect precious ecosystems against negative effects of e.g. road infrastructure. According to the latest trends in ecological sciences it is one of the most important forms of compromise between the needs of the city and protecting natural resources. One of the oldest and at the same time the most interesting example of restoration activities in Warsaw is artifi cial hydrological system maintaining high water level in "Olszyna". Hygrophilous vegetation of riparian woodlands occurring here, after groundwater level decrease, has been transforming into mesophilic one. Despite the system of reservoirs and ditches designed to keep the water level elevated, maintaining proper functioning of this ecosystems seems to be impossible. Lack of spring fl ooding causes unfavorable vegetation changes. Increase of total number of species was recorded, which is due to increased number of synanthrophical plants (Sikorska 2008; Sikorska et al. 2009 ). The case of "Zakole Wawerskie" which is one of the richest in plant species areas in Warsaw (25% of all Warsaw taxa occur here (Sudnik-Wójcikowska 1987a , 1987b , indicates that preservation of valuable ecosystem elements is possible, but to be successful requires coordination of work in many fi elds. Management of wetlands within urban green areas is a challenge for the future. Vegetation in this areas is very sensitive to trampling (Kostrowicki 1981) and suffer severe pressure because of the recreational use. In places where touristic infrastructure is well prepared, valuable ecosystems are not being degraded. Such places should be well marked and should allow visiting and observing for tourist in a way that does not cause any damage.
CONCLUSIONS
In the centre of Warsaw water dependent habitats remained mainly within green areas. Natural water dependent ecosystems in urban areas are suffering from constant long-term changes whose strength and direction are hard to predict, especially when the water regime had been changed. Results of these changes can usually be assessed after tens of years. Regulations of the water outfl ow and as a result temporal drainage led to changing of the vegetation associated with wetlands vegetation into more mesophilic one. Facilities within cities given to people, such as "Olszyna" Complex, are subjected to additional threats of damaging the vegetation that is being adapted to new conditions. Temporarily drier objects are becoming more accessible at not suffi cient communication infrastructure. Urbanization pressure is indirectly connected with population density per area unit.
